Continued work on the systematics of the genus Encephalartos has been conducted over a large area along the Mozambican coast to determine the infraspecific variation and taxonomic status of Encephalartos ferox populations. The northern extent of the species was also investigated based on anecdotal information that it might represent a new taxon. Several (45) vegetative and reproductive (ca. 40) characters were analysed and used to re-circumscribe E. ferox. Literature and iconographic citations are included, as is information on ecology, cytology and conservation as available. No specimens of E. ferox were located north of the Save River in the Sofala Province, Mozambique, and the northernmost population of the species was found to be anomalous. Accordingly a new subspecies, E. ferox subsp. emersus, is recognised based on its invariably emergent stems, shorter unarmed petiole length, shorter leaves, greater number and narrower leaflets (in seedlings as well) which are more closely spaced. Strobili and peduncles in subsp. emersus are shorter and narrower with strobili having a propensity towards yellow, while internally the megasporophylls are green, grading to white away from the outer surface. The IUCN Red List status is suggested as Critically Endangered A4d + B1a,b(v) + B2a,b(v), with the threat of illegal over-collection highlighted.
Introduction
Taxonomy of the African endemic cycad genus Encephalartos Lehmann (1834: 1; Zamiaceae, Christenhusz et al. 2011) , though remaining stable over the past two decades (Haynes 2012 , Osborne et al. 2012 , currently with 65 species and two subspecies recognised, has suffered from several taxonomic uncertainties. An over-appreciation at the specific level as espoused by Dyer (1965a) and Vorster (2004) , is due to their reluctance to recognise infraspecifc ranks, as robust phylogenies-revealing affinities-had yet to be constructed. Even molecular phylogenies remain unsettled (Van der Bank et al. 1998 , Treutlein et al. 2005 , Nagalingum 2011 , though the latest efforts (Rousseau 2012) have resolved species groupings (2-7 taxa) with adequate support. Hitherto taxonomic work on Encephalartos based solely on herbarium material has yielded less than ideal results, as such material lacks characters only discernible in living specimens (e.g. see the critiqued work of Schuster 1932) . Field work is difficult because of the scarcity and remote location of species as well as the sporadic nature of reproductive events, which are of diagnostic value. Even in species as relatively widespread ( Fig. 1 ) and common as Encephalartos ferox Bertoloni (1851: 264) , in situ studies have focused predominantly on the more accessible populations at the southern limits of its distribution in South Africa (Dyer 1965a , Dyer & Verdoorn 1966 . Even Mozambican botanists have focused their efforts in and around Maputo (ex. Lourenço Marques), rarely venturing as far north as the Inhambane Province where the type is most probably from-as Bertoloni cites many of the other plants collected by Fornasini (the collector and artist for the type) from that area. Little or no formal work has been conducted towards the northern end of the species' range, with the distribution limits remaining speculative (Capela 2006 , Donaldson 2010 .
Most of the infraspecific variation exhibited by E. ferox is known informally among cycad enthusiasts based on cultivated material of unknown or doubtful origin (Whitelock 2002) . Determining the prevalence of character states in an artificial setting is speculative with eventual generalisation on the species rooted in an incomplete understanding of such variation (Vorster 1993) . In our continued work on the systematics of the genus, we here re-circumscribe E. ferox, and based on our observations, recognise a new subspecies that we name E. ferox subsp. emersus.
Study area, materials and methods
Fieldwork in Mozambique was conducted in the Gaza, Inhambane and Sofala provinces where populations were sampled every ca. 100 km along the coastline. Fieldwork could not be conducted in South Africa, as even though permits for the Isimangaliso Wetland Park were secured, the provincial authorities refused permission (though casual observations were made in habitat). All South African specimens cited are thus field accessioned cultivated plants. In total six distinct regions were sampled; individuals n=59. At each locality two to three individuals representing both sexes were sampled. As the northernmost taxa were anomalous, the sample size was increased to n=41 (n=19 reproductive) and the nearest other population to n=7. Each individual was analysed for 45 vegetative and, if reproducing, an additional ca. 40 fertile characters depending on sex and seed availability. Where applicable, nine measurements were made with three each direction: proximally, distally, and medially. In the morphological description of the taxa the arithmetic mean ( x ) for diagnostic measurements appears in square brackets.
The area of occurrence for subsp. emersus was mapped by GPS. This subspecies is associated with distinct vegetated mounds (raised hillocks) emerging from the coastal plain (Fig. 2) . Mapping was done by investigating all marginal mounds until two mounds in line were found devoid of individuals. This was then mapped onto Google Earth Pro where polygons were drawn to calculate the surface area. For area of occupancy all mounds of size more than 100 m² were added. For population size several (n=10) mounds of intermittent size were counted for all mature individuals, the mean of which was used and multiplied by the number of mounds >100 m² in the area of occurrence.
The herbaria of LMA, LMU, PRE, and PRU were physically visited, while online access was made to K. The living collections of: the National Botanical Garden of Pretoria, Kirstenbosch and the Lowveld; Manie van der Schijff Botanical Garden (University of Pretoria); and numerous private collections were investigated. The descriptive terminology used follows Melville (1957) -except his sporophyll depth, which is here referred to as sporophyll length, and his sporophyll height, which has been modified to include the sporophyll stalk length; leaflet angles follow Grobbelaar (2002) .
tissue (Stevenson 1980) ; crown glabrous. Cataphylls similar between reproductive and vegetative structures, acuminate to linear, adaxially glabrous, white turning brown with age, abaxially with grey-brown to golden silky indumentum, (35-)40-111(-145) × (4-)10-20(-25) mm. Leaf base adaxially and abaxially ridged, collar absent, (15-)30-60 × (15-)30-60(-80) mm. Leaves (1060-)1280-2323(-2680) mm long, width distal (50-)105-160(-245) mm, proximal (60-)80-135(-180) mm, median (140-)230-320(-350) mm; rachis adaxially ridged to round in longitudinal section, glabrate green with white indumentum, straight to slightly arching, 25-42(50-60) mm in circumference; petiole with 2-12(-14) spines, unarmed petiole (0-)10-65(125-160) mm long. Leaflets (Fig. 5 ) broadly rectangular to ovate, colliculate, glossy bright to dark green (rarely brown on emergence), (25-)30-53 pairs, undulating transversely, curving abaxially at margins, pungent with (2-)3-6 distal, (0-)2-4 proximal margin teeth with crowding of 2 or 3 teeth at the apex, without overlap (rarely slightly succubous), length × width × spacing: distal (80-)100-145 ( (Phelan et al. 1993), cylindrical, 40-50 × 15-20(-32) mm (Dyer 1956a) ; kernel 9 to 20-grooved, 24-37 × 14-20 mm. Seedling leaves 86-145 mm long, unarmed petiole (53-)80-103 mm, leaflets 3-5 pairs, length × width × spacing: (30-)40-70(-80) × 8-18 × 5-12 mm, with 6-14 veins.
Taxonomic notes:-Encephalartos ferox is an enigmatic species in the genus with previous phylogenetic placement seeing much difference of opinion. In Osborne et al.'s phenetic analyses (1993) E. ferox was early divergent to all but one other Encephalartos species. Van der Bank et al. (1998 ) using isozymes found it early divergent to Eastern Cape (South Africa) species. Treutlein et al.'s (2005) molecular analysis of nuclear ITS positioned two replicates as unresolved (but monophyletic 92BP) in a clade of southern African species. Their morphological analysis grouped it with E. gratus Prain (1916: 181) (the only other species with red strobili) with weak support (59BP) (Treutlein et al. 2005) . Rousseau (2012) , using three plastid and one nuclear region, found numerous samples to group monophyletically with high support (93BP/1.0PP), though the backbone remains unresolved and as such the closest relative remains speculative-possibly an eastern seaboard South African subterranean-stemmed species (see: Rousseau 2012; Rousseau unpublished data).
Infraspecific variation:-Stems of up to two meters (Dyer 1956a) were not encountered and clearly were based on an anomalous specimen. Vegetative states that could not be confirmed from Dyer & Verdoorn (1966) include an unarmed petiole of 240-300(-360) mm, up to five teeth at leaflet apices that seems to be correlated with an increase in width with leaflets of up to 60-80 mm, which is also unconfirmed in situ. The latter character state, often thought diagnostic for the species, seems confined to populations in the southernmost part of its distribution range. Reproductive states of up to 10 to 13 microstrobili (Donaldson 1998 ) and five or six megastrobili (Whitelock 2002) could not be confirmed and must constitute extreme rarities or a reflection of higher resources availability in cultivation. The prevalence of red strobili has been rejected in the case of males as the majority of microstrobili were orange, while megastrobili have very few exceptions ranging from orange to yellow. However, this should not be over-weighted as these simply represent a cline in pigmentation from red to yellow, although an allelic genetic component cannot be discounted with the current data. Studies to determine whether the colour of individual's strobili can change in situ or ex situ, are currently under way (Rousseau, unpublished data) . The tendency for megastrobili to open in a single parted region (Fig. 3C ) also seems to be a rarity rather than a diagnostic feature.
Although the southernmost populations have several distinguishing character states, the majority of character states are shared with other populations. Additionally no ecological separation occurs. As such the resurrection of the name E. kosiensis is not justified. However, as detailed fieldwork has not been conducted in the far southern parts of the species' range (following the expanded dataset and methodology), consistent diagnostic character states may yet be revealed. No plants were located north of the Save River in Mozambique. The closest population to this geographic boundary between the Inhambane and Sofala provinces, is both ecologically and morphologically distinct. Moreover, the closest other E. ferox population is ca. 80 km further south, which represents a significant gap in a near-continues range of ca. 1000 km, a discontinuity that is unusual in other members of Encephalartos. Hence this population is here recognised as a new subspecies. (Fig. 3A) , Brachystegia spiciformis Bentham (1866: 312) Distribution:-SOUTH AFRICA: KwaZulu-Natal; MOZAMBIQUE: Maputo, Gaza, Inhambane. In South Africa it is only found in northeastern KwaZulu-Natal, the main distribution is in the province of Maputo, Gaza and Inhambane in Mozambique. It has not been located north of the Save River despite anecdotal claims by Capela (2006 (Oberprieler 1995 , Downie et al. 2008 ) is known as probable pollinators, while a novel species of Erotylidae has been found here at all localities visited. The following Geomitridae (Lepidoptera, Staude 2001 , Staude & Sihvonen 2014 are also known to feed on the subspecies: Paraptychodes Warren (1894: 379) sp., Diptychis meraca Prout (1928: 19) , Zerenopsis moi Staude & Sihvonen (2014: 27) , and Z. lepida Walker (1854: 571) . Seed sarcotesta is routinely removed (consumed) though the agent(s) responsible are unknown. A seed dispersal agent seems absent as dispersal is very poor with many crowns littered with seed and even germinating seedlings.
Etymology:-Specific epithet from the Latin ferox = fierce, alluding to the large almost lobe-like leaflet teeth which are hard, stiff and sharp. Suinyuy et al. (2013) , E. ferox subsp. ferox was unique with a volatile composition dominated by alkanes (99%).
Hybrids:-No natural hybrids are known as no other species of Encephalartos occur within the distribution range of E. ferox. Artificial hybridisation between E. ferox and other members of the genus-which generally hybridise easily with each other-has been mostly unsuccessful (Vorster, unpublished data) . Known artificial hybrids (Vorster, unpublished data) have produced very low yields but include, E. ferox × E. woodii Sander (1908: 257) , E. ferox × E. trispinosus Dyer (1965b: 112) , and E. ferox × E. caffer Thunberg (1775: 284) (see : Holzman 2005) .
Conservation status:-Threats include removal for local and foreign horticulture, high burning frequency of grassland habitats kills seedlings and habitat is destroyed for coastal development and agriculture. Cousins et al. (2011) found ca. 10% of the Encephalartos material traded at the Warwick traditional medicinal market (Durban) to be cf. E. ferox where whole individuals are removed. (Walter & Gillett 1998 : Least Concern (IUCN 2003 , in 2012: Near Threatened (Donaldson 2010) . The suggested Red List categorisation is still at Near Threatened as the increased stability (at least in the southern parts) of Mozambique has seen a noticeable rise in the tourism in E. ferox habitats, which simultaneously destroys habitats and subsequently sources plants from other areas for cultivation. Most similar to E. ferox subsp. ferox but distinguished (see Table 1 ) by its invariably emergent stems (Fig. 4A) . Shorter unarmed section of the petiole (Fig. 7A) , shorter leaves, narrower (Fig. 8B ) and more closely spaced leaflets (Fig. 5C ) present from the seedlings stage (Fig. 9I) , with more leaflet pairs per leaf. Strobili and peduncles are smaller with a propensity for being yellow (Fig. 4B, 6A , D, E), while megasporophylls are discolourous, green internally when yellow externally (Fig. 7A) . Vegetatively similar but reproductively dissimilar to E. hildebrandtii Braun & Bouché (1874: 18) from northern Tanzania and southern Kenya (ca. 2000 km to the north), which is distinguished vegetatively by arborescent stems (2.5-6 m), longer leaves (2-3 m), relatively narrower leaflets (80-350 × 13-45 mm), which are more dentate with up to nine marginal teeth, leaflets not undulating transversely, and the unarmed petiole shorter (10-70 mm). Distribution and habitat:-This represents the most northerly distribution of the species, as fieldwork as far north as Baia de Sofala in Mozambique has not yielded any specimens. The subspecies is restricted to a single population consisting of two concentrations of individuals separated by ca. 1 km, although the habitat is homogeneous. It is separated from the nearest population of E. ferox subsp. ferox to the south by ca. 80 km and E. hildebrandtii to the north by ca. 2000 km. Encephalartos ferox subsp. emersus occurs in Vegetation type 44 (Wild & Barbosa 1968) , namely Deciduous Tree Savanna with Palms (badly drained lowland, Fig. 2 ). This vegetation type is found on poorly drained lowland, sublittoral zones as a result of water flowing from the undulation elevations of old quaternary dunes alternation with calcareous plains. Rainfall ca. 800 mm per annum. Outskirts are tree savanna dominated by Brachystegia spiciformis, and Pterocarpus angolensis de Candolle (1825: 419) amongst others. Floodplains are dominated by Phoenix reclinata Jacquin (1809: 27) , Hyphaene crinita Gaertner (1790: 13) , with pools and swamps interspersed, dominated by Phragmites communis Trinius (1822: 134) , Nymphaea nouchali Burman (1768: 120) , and Cyperus Linnaeus (1753: 44) species, while grasslands have irregular patches of several Paniceae and Andropogoneae grasses, with infrequent bare areas with Sarcocornia tegetaria Steffen, Mucina & Kadereit (2009: 453) . Encephalartos ferox subsp. emersus is restricted in this vegetation type to circular soil mounds ( Fig. 2A) originating from giant termitaria (Complex 13 of Barbosa 1952) raised above the floodplain with its permanent ponds (Fig. 2B) , with up to 20 individuals per mound. These mounds show clear successional vegetation patterns correlated with mound age and size starting with Phoenix reclinata and Hyphaene crinita, later including species such as a member of maculate Aloe Linnaeus (1753: 319) , Erythrina humeana Sprengel (1826: 243) , and finally large trees such as species of Euclea Linnaeus (1774: 747) and some of the adjacent savanna elements (Fig. 2B) . Elevation -10-8 m with the soils grey and sandy.
IUCN Red List status:-In
Literature citation:- Rousseau & Mann (2012 hildebrandtii? Subsp. emersus is located about 2000 km south from the nearest known populations of E. hildebrandtii, thus genetic exchange between populations of E. ferox and E. hildebrandtii is highly unlikely, at least in relatively recent evolutionary times. This is supported as molecular evidence place E. ferox and E. hildebrandtii in different lineages (Treutlein et al. 2005 , Rousseau 2012 ). Encephalartos ferox. subsp. ferox has proved very difficult to hybridise with other members of the genus (Vorster, unpublished data; though E. hildebrandtii has not been tested); we would suspect subsp. emersus to behave similarly. Hitherto polyploidy has not been reported in cycads (Gorelick & Olson 2011) , making an allopolyploid origin for subsp. emersus unlikely. The reasons for making the new taxon a subspecies of E. ferox is due to geographic proximity, and the considerable similarity in leaflet and cone morphology. Moreover, the red cones rarely encountered in subsp. emersus would support a close phylogenetic association with E. ferox and not E. hildebrandtii. We mainly make mention of the vegetative similarity with E. hildebrandtii to aid in ex situ identification where geographic data are absent. Phenology:-Strobili found dehiscent/receptive as early as (day/month): 28/02, 02/03, 13/03 with most strobili still immature, to 12/04 with most of the colony mature, to as late as 27/04 where most of the microstrobili are spent. Seed dehiscence is still to be observed but speculated to be around September based on circumstantial evidence and interviews with local people.
Fauna:-Two species of Coleoptera are associated with strobili during pollen shedding and are consistent with other pollinators of Encephalartos namely Porthetes sp. and a species of Erotylidae. Relationship with those found on E. ferox subsp. ferox has yet to be established. Damaged leaflets would also suggest the presence of Lepidoptera known to be associated with the genus. Seed coats are routinely eaten, most probably by birds and small mammals as is the case in the rest of the genus. Dispersal is very poor with many seeds never leaving the parental crown and thick stands germinating under parents. Etymology:-Subspecific epithet derived from the Latin emersus, meaning "standing above" or "raised up", in reference to the emergent stems as well as the vegetated soil mounds raised above the surrounding floodplains on which the plants grow.
Additional specimens examined (paratypes):-MOZAMBIQUE. Type locality , Rousseau 1130B (PRU), Rousseau 1175-1183 (PRU), Rousseau 1250 -1256 .
Conservation status:-Subsp. emersus does not occur in a protected area and illegal collecting has increased over a three year survey period with some of the removed material traced back to the nearby town's tourist lodges. Large mature individuals are removed and seem to perform poorly in cultivation. The population size is estimated at 15 individuals per mound, with 70 mounds in the area of occurrence equaling >1000 mature individuals. Area of occurrence is 0.13 km², area of occupancy is 0.05886 km². As the subspecies occurs in a single locality where any stochastic event can eradicate the entire subspecies, and continued pressure from illegal collection is probable, we suggest the IUCN Red List rank of Critically Endangered A4d + B1a,b(v) + B2a,b(v). 
